Abstract Invasive species are one of the greatest threats to biodiversity worldwide, and to successfully manage their introductions is a major challenge for society. Knowledge on the impacts of an invasive species is essential for motivating decision makers and optimally allocating management resources. We use a prominent invasive fish species, the round goby (Neogobius melanostomus) to objectively quantify the state of scientific knowledge on its impacts. Focusing on how native fish species are affected by round goby invasions, we analyzed 113 peer-reviewed papers and found that impacts are highly ecosystem and time scale dependent. We discovered round goby impacts to be profound, but surprisingly complex. Even if identical native species were affected, the impacts remained less comparable across ecosystems than expected. Acknowledging the breadth but also limitations in scientific knowledge on round goby impacts would greatly improve scientists' ability to conduct further research and inform management measures.
INTRODUCTION
Invasive species pose one of the most serious threats to ecosystems in general and aquatic ecosystems in particular (Strayer 2010) . For example, the number of introduced fish species still continues to grow (Blanchett et al. 2009; Ellender and Weyl 2014) . Introductions occur either intentionally, e.g., by releasing aquarium fishes or by stocking, or unintentionally, e.g., in ballast water of cargo ships (García-Berthou et al. 2005) . Some of these numerous fish introductions are a risk to native ecosystems and, if ecosystem services are compromised, eventually to humans (Gozlan 2008) . The increasing number of introductions and the uncertainty about whether introductions will lead to an invasion with ecological impacts poses a challenge to decision makers. Decision makers prioritize management efforts on those species that are expected to have the most adverse impact (Simberloff 2003) . Because not all potentially harmful introductions can be simultaneously managed, decision makers have to ''maximize the trade-off between accuracy and utility'' of a management (Kornis et al. 2013) .
The process of a successful management is multidisciplinary and requires at least three main players to efficiently interact on an equal footing: decision makers (in our context especially ecosystem managers), scientists, and the general public (Bayliss et al. 2013; Seidl et al. 2013) . The ontology of these interactions has received much scientific attention (Lawrence 2015) . In this paper, we focus on the primary contribution of scientists to the process: providing scientific knowledge (Walsh et al. 2015; N'Guyen et al. 2015) . One key aspect of scientific knowledge that is relevant to decision makers is the information on how harmful a recently detected non-native species can become. For fish invasions, tools such as the fish invasiveness scoring kit (FISK) have been developed to allow decision makers a risk assessment and to ensure that management actions are commensurate with the level of risk posed by an invader (Copp et al. 2009 ). FISK assesses the risk of a non-native fish becoming invasive in a certain ecosystem based on 49 Philipp E. Hirsch and Anouk N'Guyen shared first authorship.
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These tools should help prevent the introduction of potentially harmful species that have had demonstrable ecological impacts elsewhere. Countries such as New Zealand or Australia use risk-assessment tools as basis for the customs authorities to implement import bans of certain species (Keller et al. 2007 (Keller et al. , 2008 Campbell 2011) . These tools, however, are of limited use if a non-native species has already established a localized population and decision makers need to decide whether and how such a potential source population should be managed (Gozlan et al. 2010) . For example, in Europe alone, more than one non-native species per year becomes established (EU 2009 ). Decision makers cannot simultaneously instigate a preventive management against the spread of all non-native species. Rather, they want to know which one will have the most severe impacts, because the most important reason to manage a localized non-native population is to prevent its impacts. The safest way to know whether a non-native species will have impacts in a new ecosystem is knowledge about its impacts in already invaded ecosystems (Daehler and Gordon 1997; Simberloff 2003; Bayliss et al. 2013) . Scientists' primary contribution to a prospective preventive management is knowledge about the impacts a potential invasive species has had elsewhere.
Scientifically, there has long been a call for more structured reviews providing an objective account of invasion processes (Heger et al. 2013 ). There have been several new approaches put forward that might improve the predictive capabilities of invasion biologists. For example, the analysis and comparison of functional responses of invaders and native species could improve impact assessments because invasive species that are more efficient resource consumers than native species should have more severe impacts (Dick et al. 2014) .
Whether any impacts of non-native species become detected is a matter of time. Biological invasions are characterized by time lags: the introduction lags behind vector activity, the population growth lags behind establishment, and so on (see Crooks 2005 for a review on time lags in invasion biology). Eventually, also the impacts of an invasive species lag behind its population increase and its areal distribution. Even the per-capita impact of an invader can change over time. For example, over time, the invader might evolve aggressive behavior or native species might evolve to better cope with the new predator or prey. Thus, an objective analysis of any invaders' impacts needs to consider temporal aspects of its invasion. Decision makers need to be informed about time lags, too. For example, the decision to spend a lot of resources to contain an invasion in its early stages is informed by the knowledge that population growth lags behind establishment and a population is best managed when it is still in its postestablishment lag phase (Crooks 2005) .
Our aim here is to use a topical case study to objectively analyze scientists' knowledge contribution in the form of peer-reviewed papers to inform a preventive management. Our study species is the round goby (Neogobius melanostomus; Fig. 1 ). The round goby is a small bottom-living fish native to the Ponto-Caspian region. This species is listed among the 100 worst invasive species in Europe (DAISIE 2015) . In 1990, it was found both in the Baltic Sea and in the Laurentian Great Lakes, probably after being introduced by ballast water (Corkum et al. 2004 ). Since then, it has been spreading rapidly (Kornis et al. 2012) . The building of waterways and the increased commercial and recreational shipping across Europe and North America is believed to have accelerated the spread of round goby by providing pathways and vectors for active and passive dispersal (Britton and Gozlan 2013; Roche et al. 2013) .
Round goby was discovered 2012 in the Rhine in Switzerland (Kalchhauser et al. 2013 ). The Swiss population is currently rather localized to some 15 km of river, but it might spread further into Swiss and German waters such as the River Aare or Lake Constance. This secondary spread concerns scientists and decision makers. It also bothers the general public when, e.g., iconic native fish species are negatively affected by round goby. Therefore, we instigated a transdisciplinary project to prevent the further spread of round goby into Switzerland. A first joint workshop of scientists and decision makers within this project revealed that scientific knowledge on round goby prevention and control would be needed, but is sparse. The vast majority of published knowledge on round goby is about its ecological impacts (N'Guyen et al. 2015) . This review aims at objectively quantifying the scientific state of knowledge on round goby impacts. We consider such an objective assessment of scientists' knowledge contribution as an important basis for a successful management. This successful management includes the prevention of further spread and the control of an established population. To reach any of these goals, a cooperative process bridging disciplines is needed. An objective assessment of each players' contribution, in our case, scientific knowledge, facilitates such a successful cooperative management across disciplines (Rosendahl et al. 2015) .
Given the fact that most scientific papers on round goby are about its impacts on native species, we expected to find clearly demonstrable impacts across invaded ecosystems. We were especially interested whether different studies found similar impacts of round goby on native fish. Therefore, we expect that, ultimately, the knowledge on impacts that round goby had in other ecosystems will improve the chances of a successful preventive management of their secondary spread.
MATERIALS AND METHODS
We aimed to explore the known impacts of non-native round goby on native species. To this end, we conducted a systematic quantitative literature review. This method allows us to objectively identify overlaps and gaps in current scientific knowledge (Pickering and Byrne 2014) . Following the PRISMA statement (Moher et al. 2009 ), we analyzed the published literature on the ecological impacts of round goby on native species in different ecosystems. We define ecological impact as measurable outcomes of interactions that include any of the following: predation, competition for food or shelter, and availability of a new prey. These interactions must lead to quantitatively measurable changes, but the changes do not have to reach a certain significance level to be considered in our review (Davidson and Hewitt 2014; Ojaveer and Kotta 2015) . The literature search was carried out in the web of knowledge database (http://webofknowledge.com) using the search terms 'round goby,' 'Neogobius melanostomus,' 'diet,' 'predation,' 'prey,' 'competition,' separated by Boolean operators 'AND' or 'OR': ('round goby' OR 'neogobius melanostomus') AND ('diet' OR 'predation' OR 'prey' OR 'competition'). The last search was conducted on April 8, 2015.
The resulting list of publications was first screened for duplicates, which were removed. In a second step, papers were screened to identify relevant primary research articles. We included only peer-reviewed studies in English providing a quantitative analysis of round goby interactions with other species based on results from a field study or laboratory experiments, including, e.g., stomach content analysis, stable isotope analysis, or behavioral experiments. All review articles that did not present original research, books, book chapters, and gray literature such as reports were excluded. We acknowledge that these forms of publications might also contain information on round goby impacts. However, our aim was to objectively quantify the scientific knowledge on impacts. Because scientific papers are filed in web of knowledge in a structured and accessible way and because peer review is, despite substantial shortcomings, the highest standard in science, we feel our focus is justified. Reference lists of all papers were screened for additional papers, which entered the same process as the papers found in the web of knowledge.
The information on impacts was extracted from the paper and entered in a personal spreadsheet database (Pickering and Byrne 2014 ). Studies and species were then structured and grouped with Excel Ò 's built-in filter function in three categories: impacts on invertebrates, impacts on a specific vertebrate described in one study, and impacts on a specific vertebrate described in more than one study. Here, we focus on round goby impacts on native fish as predator, competitor, or prey. From a management perspective, the impact on native fish is likely to receive the most attention. Fish directly or indirectly provide a variety of important ecosystem services and are of socioeconomic value (Holmlund and Hammer 1999) . For example, native brown trout (Salmo trutta) are the most popular game fish in Switzerland, and expensive restoration programs supported by the public have been installed to conserve the native Atlantic salmon (Salmo salar) in the Rhine (Anonymous 1998; Burkhardt-Holm et al. 2002) . Because the above-mentioned attractiveness of fish species applies in other countries as well, most of the papers published on round goby impacts in other ecosystems focus on fish. This review is therefore also driven by the concern that iconic freshwater fish species will be affected by round goby invasion and that this effect deserves particular attention when communicating with decision makers and the general public.
RESULTS
We screened 168 papers according to our criteria to identify relevant primary research articles (Fig. 2) . After excluding reviews, theses, reports, and studies not meeting the inclusion criteria (e.g., to provide a quantitative assessment of round goby impact on native species), the results of 113 relevant papers were entered in the personal spreadsheet database. Finally, to analyze whether different studies found the same round goby impacts on the same native species, papers and species were grouped as described above. We show and discuss here only impacts on fish species that are represented in more than one study, to allow a comparison of the impacts between different ecosystems. For full disclosure and to facilitate future data mining, we provide the spreadsheet as electronic supplementary material (Table S1 ). An exemplary presentation of how this detailed information allows comparing impacts across ecosystems can be found in Table 1 , where we present the available information about impacts of round goby on Eurasian perch (Perca fluviatilis) in a structured and comprehensive way. Supplementary Table S2 provides the same information for yellow perch (Perca flavescens).
A broad range of methods have been applied in the reviewed papers, including laboratory experiments, manipulative studies under semi-natural conditions, before/ after studies in the field, stomach content analysis, and stable isotope analysis. The literature review showed some profound, but ambiguous impacts of round goby on native fish species (Table 2) . We summarize and structure these based on a taxonomic grouping of the affected species: native benthic fish, predatory percid fish, predatory gadid fish, and predatory salmonid fish.
Impacts on native benthic fish
The impacts of round goby on benthic fish have been investigated in 13 of the 53 papers. Logperch (Percina caprodes) and round goby compete for food and shelter under laboratory conditions (Balshine et al. 2005; Bergstrom and Mensinger 2009) and show high diet overlap in the St. Clair River (French and Jude 2001) . However, the impact of round goby abundance on logperch abundance in Hamilton Harbour, Lake Ontario remains elusive (Balshine et al. 2005) . No impact on logperch abundance has been found in catchments of Lake Michigan (Kornis et al. 2013) .
Johnny darter (Etheostoma nigrum) abundance decreased in southern Lake Michigan following round goby invasion. No specific interaction is established as the causal link for the decline (Lauer et al. 2004 ). In contrast, no change in johnny darter abundance has been found in catchments of Lake Michigan (Kornis et al. 2013) . In a tributary river of Lake Michigan, round gobies have invader-density-dependent impacts on growth rates of johnny darter: johnny darter growth rates decreased in an in situ experiment with presence of a few gobies (2.7 individuals m -2 ), but not with the presence of many gobies Resulting impact on native species Changes in trophic links; round goby is an energy pathway from mussels to top predators Change in top predator diets
Potential for competition with small perch Anticipated future effects Bioaccumulation of toxins via mussels and round goby possible; may contribute to a new link in the energy pathway from bivalves to higher human exploited trophic levels (i.e., fish)
Stabilization of round goby population density due to predation n.a. Non-ambiguous (i.e., competition was found in all studies)
Authors
Inter-study differences in round goby impact on logperch abundance
Johnny darter (Etheostoma nigrum) and other darter species
Ambiguous: inter-study differences in round goby competition with darter species
Inter-study differences in round goby impact on darter abundance
Inter-study differences in round goby impact on darter growth rates
Competition and predation
Mottled sculpin (Cottus bairdii) and other sculpin species
Ambiguous: inter-study differences in round goby competition with sculpin species
Inter-study differences in round goby impact on sculpin abundance
Yellow perch (Perca flavescens)
Ambiguous: inter-study differences in round goby competition with juvenile yellow perch Ambiguous: Inter-study differences in yellow perch predation on round goby
Inter-study differences in round goby impact on yellow perch body condition
Eurasian perch (Perca fluviatilis)
Ambiguous: inter-study differences in round goby competition with juvenile Eurasian perch Ambiguous: Inter-study differences in Eurasian perch predation on round goby
Not assessed in studies Predation Burbot (Lota lota) Ambiguous: Inter-study differences in predation on round goby
Inter-study differences in round goby impact on burbot body condition Lake whitefish (Coregonus clupeaformis)
Ambiguous: Inter-study differences in predation on round goby
Inter-study differences in round goby impact on lake whitefish body condition (10.7 individuals m -2 ; Kornis et al. 2014) . Other darters such as blackside darter (Percina maculate), fantail darter (Etheostoma flabellare), and rainbow darter (E. caeruleum) are suspected to have diet or habitat overlap with round goby (French and Jude 2001; Poos et al. 2010; Abbett et al. 2013) . In tributaries of Lake Erie, no rainbow darters and johnny darters were found in any of the streams containing round goby, whereas they were present in all of the gobyabsent streams (Krakowiak and Pennuto 2008) .
Mottled sculpins (Cottus bairdii) interact with round gobies in three ways: they compete for food and shelter (Dubs and Corkum 1996) , mottled sculpins prey on round goby young-of-the-year (YOY; French and Jude 2001) , and round goby prey on mottled sculpin eggs and YOY (French and Jude 2001; Mychek-Londer et al. 2013 ). These interactions have different impacts on mottled sculpin abundance in different ecosystems. In southern Lake Michigan, mottled sculpin populations were displaced, and their abundance decreased within less than 4 years after the first round goby was caught (4 years: Janssen and Jude 2001; 2-3 years: Lauer et al. 2004 ). On the other hand, no shortterm change or temporal trend in mottled sculpin abundance was observed in Lake Michigan catchments despite increases in round goby abundance (Kornis et al. 2013 ). Other sculpin species did not show clear-cut responses to round gobies when investigated: round gobies gained more weight during a feeding experiment than slimy sculpins (C. cognatus) or spoonhead sculpins (C. ricei), but the nonnative and native species had little physical contact (Bergstrom and Mensinger 2009 ). In the field, round gobies show no significant diet overlap with deepwater sculpins (Myoxocephalus thompsonii) and slimy sculpins (MychekLonder et al. 2013 ).
Impacts on percid fish
The impact of round goby on native percids have been investigated in 23 out of 53 papers. Round goby impacts on yellow perch (P. flavescens) have been extensively studied in the Great Lakes area (9/53; Table S2 ). Impacts are life stage dependent and include competition for food in the juvenile stages (Duncan et al. 2011; Crane et al. 2015) or one-sided predation by adult yellow perch on round gobies Lee and Johnson 2005; Truemper and Lauer 2005; Truemper et al. 2006; Campbell et al. 2009; Reyjol et al. 2010; Taraborelli et al. 2010; Crane et al. 2015) . The strengths of both interactions depend on the complexity of habitat structure, biotic factors, and round goby density (Reyjol et al. 2010) . If predation occurs in the adult stages, round goby as novel food item can be beneficial for yellow perch. Round gobies may provide an energetic advantage over traditional prey: foraging costs should be lower when predators feed on abundant goby prey than on less-abundant and presumably harder-to-catch native prey , thus leading to a higher mass-at-length for larger yellow perch ([27.5 cm total length TL, Crane et al. 2015) .
Round goby impacts on Eurasian perch (P. fluviatilis) are known from several sites in Europe and are life stage dependent (3/53; Table 1 ). Round goby compete with Ambiguous: Inter-study differences in predation on round goby
Inter-study differences in round goby impact on lake trout reproduction Smallmouth bass (Micropterus dolomieu) and other bass species
Inter-study differences in round goby impact on bass growth and body condition Walleye (Sander vitreus)
Inter-study differences in round goby impact on walleye growth and body condition juvenile benthivorous perch not only for food (Copp et al. 2008 ), but also serve as a prey for larger piscivorous perch, albeit with varying importance (Almqvist et al. 2010; Rakauskas et al. 2013) . Adult smallmouth bass (Micropterus dolomieu), largemouth bass (M. salmoides), rock bass (Ambloplites rupestris), and white bass (Morone chrysops) prey on round goby Dietrich et al. 2006; Hogan et al. 2007; Campbell et al. 2009; Taraborelli et al. 2010; Brownscombe and Fox 2013; Crane et al. 2015) . Smallmouth bass predation on round gobies is higher in areas with earlier goby invasion, which can be explained by predator-learning ability (Brownscombe and Fox 2013) . In Lake Erie and Lake Ontario, increases in smallmouth bass growth and condition following round goby invasion have been found (Steinhart et al. 2004b; Reyjol et al. 2010; Crane et al. 2015) . For white bass, there has been no consistent trend in increased growth after round goby invasion . However, round goby impacts on bass are life stage specific. Round gobies have been described as egg predators of smallmouth bass in Lake Erie, where they ate the complete offspring of an unguarded smallmouth bass nest within 15 min in an experiment in the field, in which nest-guarding bass were caught from the nest and later released again (Steinhart et al. 2004a) .
Round goby impacts on walleye (Sander vitreus) are predominantly manifested in round goby becoming a prey, but impacts are partly life stage dependent, and inconsistent impacts on predator growth and condition are found. In Lake Ontario, the largest walleye length class benefitted from improved condition, but not the smaller-length classes (pre-invasion period 1993 (pre-invasion period -2004 (pre-invasion period compared with post-invasion period 2005 (pre-invasion period -2012 (pre-invasion period , Crane et al. 2015 . In Lake Erie, walleye condition did not change after round goby invasion (pre-invasion period 1993 (pre-invasion period -1998 (pre-invasion period compared with post-invasion period 1999 (pre-invasion period -2012 (pre-invasion period , Crane et al. 2015 . Some walleye eggs were found in Lake Erie round goby stomachs, but the authors suggest that these eggs were ingested by accident by round gobies foraging on dreissenids (Roseman et al. 2006) . The contribution of round goby to walleye diet ranges from around 10% of diet in Lake Erie , 30% frequency of occurrence in Lake Ontario (Taraborelli et al. 2010) and Lake Huron (Roseman et al. 2014) , to around 50% frequency of occurrence in Lake St. Pierre in the St. Lawrence River (Reyjol et al. 2010 ).
Impacts on gadid fish
Round goby is an important diet item for burbot (Lota lota) in the Great Lakes area Stapanian et al. 2007; Hensler et al. 2008; Jacobs et al. 2010; Madenjian et al. 2011; Stapanian et al. 2011; Crane et al. 2015) . However, the impact of round goby on burbot is life stage and ecosystem dependent. Round goby contribution to burbot diet varies across different ecosystems, and not all burbot size classes benefit from this novel prey. In Lake Erie, round goby is the most important food organism for particularly older burbot by wet weight (Madenjian et al. 2011) , and by dry mass . A significant improvement in condition of burbot feeding on round goby has recently been detected only for individuals of the smallest length class (375 mm TL), which were in poor-tomedian condition prior to round goby invasion. For individuals in the greatest length class (743 mm TL), a significant decrease in condition has been found (pre-invasion period 1993-1998 compared with post-invasion period 1999-2012, Crane et al. 2015) . In Lakes Michigan and Huron, burbot with a high amount of round gobies in their diets showed lower growth than those with a lower amount of round goby. The authors suggest that ''burbot have not eaten round gobies long enough to affect increases in growth'' without further specifying the underlying mechanisms (Hensler et al. 2008 ).
Impacts on salmonid fish
Round goby impacts on lake trout (Salvelinus namaycush) are life stage and ecosystem dependent: round goby prey on lake trout eggs and fry, thus negatively affecting lake trout reproduction (Chotkowski and Marsden 1999) . Adult lake trout prey on round gobies, but their importance as food item varies across ecosystems. Round goby is not an important food item for lake trout in Lake Michigan, although consumed in small numbers (Jacobs et al. 2010 ). In contrast, round goby is the most important lake trout food organism in Lake Huron (Roseman et al. 2014) , and the second most important food item for large lake trout in Lake Ontario in 2004 (Dietrich et al. 2006) . Another study in Lake Ontario, conducted four years later, found that round goby contributed substantially to the diet of all length classes of adult lake trout (Rush et al. 2012 ). Predation on round goby has potentially positive impacts on lake trout reproduction, because round gobies contain relatively high concentrations of thiamine (vitamin B1). High consumption rates of round goby by lake trout could mitigate the thiamine deficiency that might otherwise impair reproduction in trout (Fitzsimons et al. 2009 ). However, negative impacts of round goby predation on lake trout eggs in the Great Lakes are speculated to overweigh these positive impacts: when round goby overwinter on spawning reefs or forage along river banks, they are believed to decrease recruitment by interstitial predation on lake trout eggs (Chotkowski and Marsden 1999; Fitzsimons et al. 2006 Fitzsimons et al. , 2009 . Lake whitefish (Coregonus clupeaformis) have been found to use round goby as a new prey item. In Lake Michigan, round gobies are the most important food organisms for lake whitefish in winter (Lehrer-Brey and Kornis 2014). In Lake Huron, their importance during the whole year ranges from low to high depending on the region of the lake (Pothoven and Madenjian 2013) . However, despite increased piscivory, the condition of whitefish foraging on round goby did not clearly improve (Pothoven and Madenjian 2013) . Our literature review did not find any articles investigating the effects of round goby on the European trout (Salmo trutta) or whitefish (Coregonus lavaretus) species flock.
Temporal aspects are usually not addressed
When assessing the time since first detection across studies analyzing the impacts of round goby on native fish species, we found that many studies give no information at all (Fig. 3) . The majority of studies are undertaken within 5 years after detection of round goby as an invasive species, and only one study assessed the long-term impacts (more than 10 years).
DISCUSSION
Round goby impacts are profound, but variable across ecosystems, life stages, and time scales
In our literature review, we found 53 papers demonstrating that round gobies interact with native fish species (Fig. 2) . Affected species respond in a variety of ways to this new predator, competitor, or prey. The directions, i.e., whether native species individuals or populations showed positive or negative responses, frequently differed across studies (Table 2) . We did not find that round goby had the same clearly demonstrable, comparable impacts on a specific native species across all studies.
We identified three main explanations for why the literature did not reveal a more straightforward picture: First, round goby interactions with the same native species vary with the life stage of the interactor (Table 2A) . For example, round gobies act as predators of eggs, compete with juveniles, or act as novel prey for adults of the same species (e.g., mottled sculpin or smallmouth bass). Second, the intensity of the interactions (e.g., intensity of competition or predation) differs across ecosystems (Table 2B) . In some ecosystems, the interaction is very strong; in other ecosystems, the interaction between round goby and the same native species is not observed at all. For example, the intensity of competition, e.g., measured as diet overlap between native species and round gobies, varies in different ecosystems (e.g., logperch and Eurasian perch). Similarly, round goby contribution to predator diet is different for the same predatory species in different ecosystems (e.g., burbot). Third, not only the intensity of the interaction, but also how round goby impacts are reflected in native species' growth rate and abundance differ across studies (Table 2C ). For example, although competition with round goby can lead to a decreased abundance of the native species in some ecosystems, no change in the abundance of the same native species has been observed in other ecosystems (e.g., johnny darter). Similarly, predation on round gobies can lead to better condition factor or growth rate in predators in one ecosystem, whereas in another ecosystem no change in predator condition or growth can be observed (e.g., yellow perch).
Reasons for impact variations across ecosystems, life stages, and time scales Species invasions are natural processes. The impacts of an invasive species can therefore be as complex as the impacts of any other species in the ecosystem (Crooks 2005) . Against this background, it is not surprising that round goby impacts vary across ecosystems.
To further complicate things, finding impacts of invasive species depends on the temporal scale that is applied in searching for them (Strayer et al. 2006) . Investigating impacts of a recently established population can reveal entirely different results from those obtained when investigating impacts of a longer established population. Unfortunately, despite our efforts to explore the time dependency of impacts, we could not investigate this question; too few studies did even state the age of the round goby population investigated (Fig. 3) . The remaining studies did not allow for a quantification of impacts across population age. Scaling impacts from severe to weak or Fig. 3 Most peer-reviewed papers about round goby impacts on native fish species do not state the years between detection of round goby and execution of the impact study positive to negative alone would be a daunting task, so that a relationship between invasion time and impact scale would be rather arbitrary. We can say, however, that scientists should be better aware of the time dependency in biological invasions. If scientists appreciate frequently occurring lag phases in invasion research, then we can eventually arrive at a more thorough understanding of the relationship between time and impact. This is all the more important as evolutionary processes can influence biological invasions on timescales that were previously not appreciated-the so-called contemporary time scales (Stockwell et al. 2003) . Some traits which cause a non-native species to become invasive have evolved in a new system on timescales less than ten years (Whitney and Gabler 2008) . This also holds good for the native species responding to invasive species. If, for example, native predators adapt to invasive species as a new prey, then native predator populations can increase over time, whereas invasive species populations decrease (Sheehy and Lawton 2014) . In the case of round goby, Brownscombe and Fox (2013) tested for how readily native predators forage upon this newly available prey species: predation rates on round gobies were lower in the recently invaded systems compared to systems in which predators had time to learn to capture and consume this novel prey species.
Eventually, biological invasions can even result in entirely new species (Lee 2002; Lee et al. 2007 ). Processes such as hybridization with native or other invasive species can tremendously alter the ecological interactions and congruent impacts in any invaded ecosystem. In lower stretches of the River Rhine, for example, the round goby has been found to hybridize with monkey goby (Neogobius fluviatilis), a confamilial invasive goby species (Lindner et al. 2013) . Which impacts are in store when invasive goby species hybridize will be even harder to predict than when clearly defined species boundaries exist.
The state of the scientific knowledge needs to be communicated to decision makers It becomes clear that, if we want to inform a preventive management, we cannot wait until conclusive evidence for comparable impacts of round goby is available. We propose to communicate the knowledge on impacts scientists already have accrued, despite our inabilities to predict and generalize. On the onset of our project, we expected that impacts on specific native species, which re-occur across different studies, could help decision makers to prioritize if and how to instigate management measures against round goby. To this end, our focus was to scrutinize the broadest body of knowledge that scientists possess concerning round goby: knowledge on impacts. We believe the available scientific information on round goby impacts, albeit ecosystem dependent, can still be relevant to inform decision makers about potential threats. Paradoxically, the chances for successful management of a non-native species are best when we know least about its impacts: at the time when it has just established (Kriticos et al. 2003) . We argue that the lack of comparable impacts of round goby on native species is no reason to conclude that there will be no impacts of round goby in a newly invaded ecosystem.
Decision makers want timely and relevant information if and how a potentially invasive non-native species should be managed (Walsh et al. 2015) . Therefore, in a management context, it is more important to rapidly disseminate the current knowledge than to improve our epistemic knowledge and ability to predict round goby impacts in a particular system. In the context of preventing an approaching invader, a central task for scientists is to communicate that incomplete knowledge on negative impacts is no reason to neglect possible future impacts, i.e., the absence of evidence for negative impacts is not an evidence for the absence of negative impacts (Ojaveer and Kotta 2015) . Importantly, the appreciation of time lags will improve the decision making at different stages of the invasion to more effectively make the right management choices. Along these lines, it also needs to be appreciated that an approaching invader can cross the country-borders in the course of its spread. In the case of round goby, this means that if the High Rhine and adjoining Lake Constance are invaded, three or more Central European countries will be affected. Managing such an invasion requires cooperation across borders. Institutions such as the International Commission for the Protection of the Rhine or the International Commission for the Protection of Lake Constance (ICPR 2015; IGKB 2015) provide an existing framework for this kind of cooperation. This literature review advances our ability to objectively assess what we as scientists can contribute to this cooperation and how to more effectively instigate an effective management of one of the 100 worst invaders in Europe.
